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A new purification procedlure was adopted for Eastern equine encephalitis vi!Li.s
which does not subject the virus to pelieting at any stage. Three- to 4-liter volumes
wiere passed through a diethylarninoethyl cellulose column. The virus-containing
fractions were banded onl a sucrose cu~shion and finally concentrated in an isopycnic
band in a linear sucrose gradient. This method reduced the volume I ,000-fold with
at concomitant increase in viral titer, i.e., better than 901,' recovery. Numerous
criteria have been used to establish that this viral preparat~on was essentially free
from cellular debris and nonviral material. Physical studies on this purified viral
product were initiated. The sedimentation coeliciert ais determined by band sedi-
mentation was 240S, thc buoyant density in sucrose was 1. 18 g cc, and the diameter
of the virus was 54 am. From the diameter and the buoyant density it was possible
to calculate the molecular weight of a spherical particle. In this case, the calculated
molecular weight for Eastern equine encephalitis virus was 58 x It)W daltons.

Two prerequisites Must be fulfilled when rn more, a centrifugal procedure is difficult, with
examination of the physical and chemical proper- volumes greater than 1 liter.
ties of a virion is attempted. The virus preparation For these reasons,' we have adopted a chromat-
must be f~ree of contamination fromn cellular ma- ographic procedure by employing diethylamino-
terial and cell culture medium ingredients, and the ethyl (DEAE) Cellulose as an initial means of
concentration and purification procedures should concentration. This procedure is a modification of
be as gentle as possible to permit the processing of that used by Fraser (Inanuscripi in preparation) to
large volumes of viruIs-containing fluids with rela- Purify Esrherr hia co/i phages. In this report we
tive ease. We have found that concentration of will present a purification scheme that was de-
various arboviruses by high-speed centrifugation veloped for the prep~aration of high-purity Eastern
does not nit:et these requirements. High-speed equine encephalitis (EEE) virus. This scheme does
centrifugati')n alone, even when preceded by a not Subject the virion to pelleting at any stage.
low-speed sedimentation step, (toes not yield virus Data are also presented for various physical
suspensions of the highest purity. In addition, properties~ of the EEE virion and permit an esti-
sedinienting arboviruses into a tightly packed mation of' the particle weight.
pellet appears to damage their structure. Either
the p~hysical act of pelleting or the resuspension of NIFTimOs AND NIATERIALS
the pellet causes injury to the virion, possibly due
to disrulption of the lipoprotein membrane. Mem- Vi rus and cell culture. Shidbis virus and the Louis!-
brane dlamage may be ohserved by loss of viable '"m strain of EL virus. the origin anid propurtmes. of
titer and, in some instances, visible agrgto.which were reported by Brown (3), were used InI all

Theaggegaionof iru patice.,aggelaton. experimnents, Both viruIses were propagated InI 60-mmn
The ggrgaton f vrusparicl~, s wll s oher petri dishes by infecting washed 24-hr chick embryo

changes not as readily evident, presents ai possible cell moniolayers withi 5 X 104 to 10 X 10" plaque-
source of error in any physical Study. Further- rormiilly unitS (I'hU or a suckling mouse brain

I eliort lis suis%.sveee ath68hAnI suspenslin of either EEF or Sinidbis virus. The icu
Mehg(t' the A ine dic Sod% Prc!tc ,i3 31w 65th AMiai, mwa lowdt adsorb for 30 mmi at room tern-

N, 1968. perature, the eCOSs flu~id was renic'ved (6), antd the
Plreccit *,d.ress N isiar hintiiitt olr Anmioii and3( Biology, nionolay er was overlaid with 2.5 mrl of Hainks

Iih'lij,k'jd 11a 19104 Lactalbunini Hy(Irol~szate (123 miedium C HLH.
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234 FUSCALDO, AASLESTAD, AND HOFFMAN 1. Vinol,.

Grand Island Biological Co.) to which 10( inacti of virus particles was confirmed by titratiun in cell
vated calf serum had been added, Virus present in culture of all of the column fractions.
the cell culture fluid was harvested after 16 hr of Twenty-five milliliter samples of pooled fraction
incubation at 37 C in a humidified incubator con- containing virus ,".rv layered over 5 nil of a 45,c
taining a 5(*; CO._ atmosphere. The cell cultures were (w, wj sucrose solution in GNK buffer t0.05 i
refed with 2.5 ml of HLH containing 101; calf serum, glycine, 0.01 N NaOH, 0.1 Ni KCI, pH 9.0). These
and a second harvest was made 4 to 6 hr later. The were centrifuged for 2.5 hr at 65,000 X g in the no. 30
titer of EEE virus was determined by using the plaque rotor of a Spinco model L ultracentrifuge. The
technique described by Zebovitz and Brown (13). virions were banded on top of the sucrose cushion
The titer of the first harvest ranged from 5 X 101 to and were removed with a pipette. The viral material
10 X 10 PFU, ml and that of the second about 109 was diluted 1:2 with ONK buffer. This buffer was
to 5 X I( PFU n!. The cell culture fluids containing used for all subsequent purification steps and physical
virus were stored at -70 C. studies. The virus suspension was layered on 20 ml

Virus purflcatlen. The general purification scheme of a 30 'o 50i (ww) linear sucrose gradient. The
is outlined in Fig. 1. Large scale DEAE cellulose gradients were centrifuged for 20 hr in the SW 25
column chromatography of cell culture fluid con- head of a Spinco ultracentrifuge at 60,000 X g.
vining EEE virus was carried out in a glass column The viricn band was collected by side puncture.
(7 by 60 cm) enclosed in a safety cabinet. The column and the virus was stored in the buffered sucros, at
was packed routinely with DEAE cellulose (Eastman 4 C. The sucrose was removed from the virus suspen-
Organic Chem cals) suspended in a buffer containing sion by stepwise dialysis against GNK buffer before
0.15M NaCi and 0.15m Na2HPO1 at pH 7.5. The any analyses were made on the virus.
concentration is 60 g of DEAE cellulose to 450 ml Analytical sedimentation. A Spinco model E ana-
of buffer. The column was washed with 0.05 M NaCI lytical ultracentrifuge equipped with ultrav iolet
before use. The fluids to be processed were dialyzed adsorption optics was employed. Most experin.t.nts
overnight against 4 to 5 -volumes of distilled water utilized the Vinograd band-sedimentation technique
prior to loading on the column. After the column was as modified by Studier (9). Buoyant density experi-
charged with the virus, it was washed with I column ments were performed with a Spinco model L ultra-
volume of 0.15 m NaCI. EEE virus was eluted from centrifuge and a SW 25 rotor. Purified EEE virus
the column with a buffer (TSS) containing 0.7 h labeled with tritiated uridine was centrifuged to
NaCI, 0.08 i sodium succinate, and 0.05 Ni tris(hy- equilibrium (24 hr at 60,000 X g) in a 30 to 501 (,
droxymethyl)aminomethane, adjusted to pH 9.0 (w, w) sucrose linear gradient. Fractions, collected
with concentrated hydrochloric acid. The eluate was by puncturing the bottom of the tube, were assayed
collected in 20 ml fractions. The fractioi;s containing for infectivity and radioactivity. Alternate fractions
the EEE virus were identified by their light scattering were also examined with tn Abbe 3-L refractometer
properties as demonstrated by shining an incandescent for density determinations. Buoyant density gradients
light beam through the virus-containing tube. The with CsCI were prepared by layering three 7-ml
correlation between light scattering and the presence volumes of CsC! at densities of 1.1, 1.3, and 1.5 g/cc

in a centrifuge tube. Ten milliliters of sample was

3-4 liters EEE CE supernatent then layered on top and was centrifuged at 60,00
Dialyse 1:4 distilled X g for 18 hr.
water overnight at 40 C Radioactive labeling. CE cells were labeled by

adding 10 ACi of a 14C-labeled amino acid mixture
Pass thro DEAE cellulose column per ml and 10 tACi of 12PO 4 per ml to HLH media

I wash with 0.15 M NaCI when the cells were planted. After 20 to 24 hr, the
Elute with 0.7 M TSS radioactive medium was removed; the cells were

washied twice with saline, removed from the petri
Collect fractlions plates, and suspended in saline. The radioactive cell

Detarmine virus containing suspension was then briefly sonically treated. A
fraction by light scatte, mixture of labeled cellular components (protein,

I nucleic acid, and phospholipid) and unlabeled EEE
Centrifuge onto a 45% sucrose cushion virus was prepared. This mixture was then put through

I 27,00Z% 7PM the ipurification procedure. The presence of labeled
I 2.5 hours contaminating cellular material in the -virus prepa-

ration was followed during the purification pro-

Collect band containing virus cedure by assaying a 0.1-ml sample for radioactivity.
tSamples were prepared for counting by placing

Centrifuge on 30%-50% linear sucrose gradient 0.1-nil samples of -vach fraction in a scintillation vial
C f n0 RPM and adding a scintillation cocktail containing Triton24,000 X-l00 4. A Packard Tri-Carb liquid scintillation

20 hours spectrometer was used for all radioactive counting.

Collect virus band by side puncture The data were corrected for spillover of "iPO, counts
into the I"C channel.

-iu I Puriiculiown procedure uiilized for El. lsotopicall) labeled EEE virus was prepared by
virtiv inflecting chick embr.o cells in the normal manner
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and then overlaying the cells with minimial media cellular nucleic acids and phospholipicis were
(1 Ii containing 5 jACi of tritiatedl uridinc p~er nil. labeled with "11O 1 to tissue Cultuire =,diuiii con-
In those experiments in whicin radioactive uridine taining the unlabeled EEE virus to be p- -ified.
labeling of virus ribonILlCleiC acid iRNA, wats ci- Figure 2 presents these results. Less than 10,' of
ployed. actinomncin 1) was incorporated into the the original radioactivity or both radiosotopes
media to decrease cellular RNA formation.

Electron microscopy. SamlIes o1' purified virus remained associated with the EEE virus infectivity
wvere ailowed to settle on at Fornivar-coated grid. p~eaks. Approximately -25, of the radioactivity
The viruis Wats then fixed with 4', osmiiumi tetroxide ran through the Column as it wats chargedl, whereas
ain(' negatively stained with 21'I p~hoSphotng1LStic about 65', remained more tightly bound to the
acid (/pH 5.0). In sonic cases. the viI S was stined columin than wits the virus.
withiout being p~revioulyI fixed. All electron mnicro- The next steps in purification took advantage
graphs were takcnt by using an RCA EMU-4 electron o h ieadboatdniyo h E iin
microscope. A diffraction grating Was uised to calibrate ofThse oun froatonsit ontaiin eak viraln

the icrocop magilictio facor.infectivity were pooled and 25-mI mimples were
layered over at 45'; Sucrose Cuishion. After high-

RESULTS speed centrifugation, EEE virus concentratc aI a
Purification. Initial experiments employing single band at the Sucrose interfacv and contained

Sindbis virus wiere performed to adapt the DEAE less than 2'; of the radioactivity initially placed on
cellulose column for use with arboviruises. A the sLiCrosC cushion. EEE virus collected from the
series of column-washing conditions was designed Sucrose interface was very susceptible to osmotic
to determine the highest molarity of NaCI that shock and care had to be taken neither to dilute
Could be used to remove weakly binding cellular nor to dialyze the virus suspension too rapidly.
dlebris and protein from the column without Out- Moreover, the EEE virus at this Stage Of purity
ing the virus. The range of NaCI examined was was found to aggregate if dialyzed against
0.05 to 0.3 Nt. Considerable nonviral material was tris(h-droxymethyl)aminomethane, phosphate, or
removed from the column although minimal viral bore - buffers. It was determined that GNK
infectivity was eluted with NnCI washes of up to buffer was the most effective for suspending EEE
0.2 \i. A second experiment was performed to virus.
determine the lowest molarity of cluting buffer
that would quantitatively remove all of the ClmSindbis virus infectivity from the Column. chalging Efulon

EEE virus was chromatographed by the wash- ~ 2~. O.7M N*Cd

ing and elating conditions described above. Three
to 4 liters of dialyzed EEE virus contained in cell ?2

Culture fluid was loaded onto the column. The C142

Column was washed with 1 column volume of 0. 15 Pu0
Ni NaCI and elated with 0.7 ht NaCI in TSS. The 10612

columin flowed ait a rate of 30 mI/mmn. It was ob- 1
served that the virus peak consistently eluted in
front of at band of red color, prebumnably phenol
red from the HLH medium. The concentrated 1
virus suspension represented a 20-fold increase in
infectivity aind at concornniitant. reduction in vol-
ume. Experience indicated that the DEAE cellui- 1
lose performied itiore satisfactorily after having 10 1
been used once, and for this reason all columns
were cured by rulnning thirough the column a
batch of low titer EEE virus stispended in I-Ll-H
medium. The COIlmnn werc reused a number ofIi
tmes anti______ _ weefnll icrddwe tefo

raewas less than 15 nil min.mes~~~ an wer f-al dicre whe th flowWe___wanted_____to__determine_______the___amount_____of__such___________
e w atedri to de l rte in the I~ i a m o u nt of d suc 5 1 1 20 ~ 1

lphospholipid which would be separated from the Fra2.D/f: ctidon Nowi: vpaaiono

EEE virus by the purification technique. There- F ciiu .DEA ceffwidals coa earton: ::khg1' ti:s i

rorv, we added sonically treated tininfected chick culure 1Jreparationl. The adiiartfiitt ineasumeumi
emnbryo cell debris in which the cellular proteins r('pres'A cilllar pIUopltolipIl (4) 'Itfleic' acia
had been labeled with ''C-amnino acids, and the (,*P i awl prowein ( I'C-aminlo ari(A
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The final step in purification was the isopycnic
banding of EEE virus in a preformed 30 to 50' ,
linear sucrose gradient. Shown in Fig. 3 arc re-
suits of an experiment in which such a gradient OS

was fractionated by puncturing the bottom of the
centrifuge tube and collecting 0.7-ml samples. 04 .

This figure shows the ability of the sucrose gra- o
dient step to remove added cellular debris as 03
evidenced by the '"C and ''PO., counts present in
the mid and top zones of the centrifuge tube. 02

Approximately 99'; of the radioactivity remain-
ing after the first two steps of the procedure was o
removed by this density gradient. Purified EEE
virus maintains viability for 1 to 2 weeks when 220 230 240 250 260 270 280 290 300

stored in GNK-bulered sucrose at 4 C. W,.,0olh, e.

In addition to monitoring the removal of radio- Fi,. 4. Optical den.sit) profile ;j material tialii
active cellular debris, another indication of the fron final iwo purificatian .tep.. The solid line repre-
purity of the viral preparation was its optical den- seni.s inatedal taken from Aw sucrose ct.hion cenirijuga
sity profile. Figure 4 shows this profile on ma- tion with a peak at 270 mni. The brok en Ine is the pro
terial taken from the -ucrose cushion and from the file of material from the sttrose gradient centr(Ilga-
sucrose gradient. As can be seen, the sucrose liOn.

cushion material has an absorftion maximum at
270 nm. This indicates that there is still a signifi. The overall efficiency of the purification scheme
cant amount of protein associated with the viral is summarized in Table 1. The combined concen-
material. However, the profile of the material tration effect shows a volume reduction of 500-
taken from the isopycnic sucrose gradient shows fold which in turn increases the specific infetivity
that the maximum has shifted to 262 nm. This !o more than 16,000 times that of the starting
optical density p:ofile, similar to the p.o~ze of material. The per cent recovery as PFU is greater
viral RNA, would be expected for a virus con than 100' - at the final step and is probably due to
tainingapproximately 6', RNA and 10', protein, an increased efliciency of platir.g. The actual

increase in total virus is 10-fold. This increase in
total virus can be duplicated by sonic treatment
of the ceil culture fluid in which the virus is sus-
pended. Therefore, it appears that the purification
process disrupts large clumps of virus in addition
to purifying and concentrating the virus. Also

P32- included in Table I is the result of an isotope dili-
c,4- tion experiment. Cellular debris labeled with

pf .10 C-amino acids and 3"10 was reduced by greater'° 0; than 99.999 '" in the isopycnically banded EEE

4 virus. Finally, there is the ratio of PFU to mili-
gram of prowin shown at each step of the ptoce-
dure. There is a 10,000-fold increase over the input
material, which is another indication of the re-

• moval of a considerable amount of nonviral
10 1 protein.Physical studies. The sedimentation coeticient

iof the purified EEE virion was deternined by aband-sedimentation technique. An S%, of 240 was

L - obtained. This figure was not corrected Ior viscos-
ity and density of the medium. The tracings of the
results of a typical experiment are shown in Fig.

, 0o 5. Only one peak was detected in these experi-
S37 ...- ments. The slight skewing of the peak to the lead-

Fu,ton Numb., ing edge was a charactcristic of the band-sedi-
1it, 3. Sutrose i.iopye'nir ,hensio" gradi'ut! wcpa- mentation techniqeIC used.

1,/iom ol hibeled ellithilr mtierial h/om ,tnlab,,led The buoyant density of the virus %Nas deter
Iirlt pari'clsh. mined in a linear sucrose gradient (30 to 50',)
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TABL, I. Elichc'noC (1'p tr-iriC(tlh

31att al "l'itcr PI"tI l * ~n I Rt, overy of I.ablld (ell PI-T per mg ofIa.'l rf; debri, '' ; " lrotein

Raw supernatant medium" 3.0 x 10' 3,3M) I(X) 3.0 X 10'
Column eluate 1.6 X 1011 66 100 6 2.7 X 10'"
Sucrose cushion .. . 1.5 X 101' 4 > i0 0. 1 I. I X 1012-
Purified product......... 1.9 X ION 6 >I0 0.0007 5.0 X 10"'

These deta are from the isotope dilution exiperinient; however, the titer, volume, and per cent
recovery figures for the isotope dilution experiment were essentially identical to those reported ini the
rest of the table.

- Contains 101 calf serum.

-

" 1.30(kv7T  /U 7-n.~ 1.20
o 00f1Jf0...J (U 20:1

8f.' MI 2l 24 mni n10005

5 60o 9'5 X;0 7.: M. 61 7 s o
distance from confer of roatilon (cm)

Fi. 5. Ulrariolet densilonele lreIacings J ban/ 109  o i 4

ce'rliIfugatio, of p'ti fied EEE vrirs in the aedytical
,itracenitriftge. "

which was centrifuged for 20 hr at 60.000 X g
in a Spirsco model L ultracentrifuge. The data in
Fig. 6 show that the buoyant density of EEE virUS 10a8i e103
is 1.18 gc. Fractions 10 to 20 of this gradient
were pooled, dialyzed to remove tbh sucrose, and
then centrifuged through a preformed CsCI gra-
dient. The density of the infectious virus particles
increased to a value of 1.20 g /cc. A radioactivity
p~eak (3 -utridine) wats located at a density of 1 .222
g 'cc with a shouldet at I.2G g 'cc which confirms 10 7 , 20 25 30 35 4 0
the results of Aaslestad et al. (1). Tubes 7 through

21 of the CsC1 gradient were pooled, dialyzed, and Fractions
then centrifuged on a second 30 to 50,, sucrose Ist. Sucrose Gradient
gradient. Here again, the infectivity and radio- FKo. 6. Isopyc':h" sucrose density gradi , t'i
aCt ,1vi t pas were at a density of 1.i7 to 1.18 purified, labeled (H-uridie) irus parties. Clo.wd
g cc. The results or this experiment are shown in circhs represent PFU antd open chrcles repre'sett
Fig, 7. The second radioactive peak, found at a coun: nilntue. D,,nsity deterinihati ns were nc le ol
density of 1.07 probably represents viral degrada- er'y fifih .saipe and the re. ls are .hown in Ithe

tion products resulting from the exposure to CsCI in.et fit the lop ol /he figutre.
in the previous gradient.

Electron micrographs of virus particles, which also taken. It was determined from the measure-
had been fixed in osmium tetroxide and negativel, ment of a large number of particles in numerous
stained, were taken (Fig. 8). Other micrographs electron micrographs that EEE is a spherical virl]s
of negatively stained unfixed virus particles were with diameter of 54 + 5 nm.
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10'01
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2  

,1 SL .. =.; 1t, ,2 i W.... .. '01
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Ill. Sucrose Gradient C& CI Gradient 2nd, Sucrse Gradient

Fio. 7, hlqv .'ie rewrigaflon of EE-E tiru.s dMrogh ,suros, 00C, an/ inakiy throgh a second 30 io 501
V"ll(clOSe gradiellf. Close(d cirlehs I'epI'e.sewII PFU anld open~l eircle,. l'rep,.sell/ rolls' inlllinue. Density deternillatiolls
made av fil Fig. 6.

DISCUSSION water presented a problem. It was necessary to

Purificationa techniqlues previously reported in aSRCaprilseii oue()frtevrs
the literature N, 5, 8, 10) indicated that the re- this canmnot be done with any reasonable accuracy

cover k oAvrlifciiywiidfo 5t 0 for a particle as complex as an arbovirus. At-
doeenin of ra in ectivity var ed .m1 th tempting to calculate a particle weight from sedi-
method reported here, we routinely recovered all tateineee again fr omliate alultheona.
or the input virus, If it can be assumed that the Ta he buoyaneedednagiorta calculatrtison.us
retention of natural infectivity indicates that the Teboatdniycluae o hsvrs

essntil itegit ofthevirs prtcleis ot is 1. 18 g Ice, is lower than that obtained by Aasle.
estiald ithegrto the ius ptcan e smedto b stud, Hoffman, and Brown (1). Their experiments
tuited ten th s echnquipe and beighlymedtoiet were carried out in CsCi, however, whereas ours
qute gepartleitno nos welaipeadebihl ffiet, were performed in a linear Sucrose gradient.
Th pr tihown of eteraes dbri from thean Aaslestad et al. also obtained three bands in their
viind i, shnbye th1.ut.i Fg ,3 n scheme, indicating that the virus particles were at

and i Tabe 1.least partially disrupted. Other investigators (2,The shirt in the optical density maximuim (Fig. 7) have also noted that lipid-containing viruses
4) W o uld be exp e~cted w ith the rem o val o f non- h v l g t y l g t r d n i i s i u r s h n iviral protein from the virus preparation. A virus haveslisl digherden tes usuytribe t oi
particle which contains 61, nuICleic acid, 211, , lipid, Cs Tiidiferinf encts waf hydryatio n triwosoutions.
and 731, protein (A. A. Fuscaldo, E. J. Hoffman, diferingvecred out exeraien in whsohutons
H. G. Aaslestad, and F. P. Heydrick, manuseript W aecridoteprmnsi hc
ill peiral'wi#clh) would be expected to hve max!_ virus buoyant density was determined in sucrose
Mauni optical density of 258 to 262 nm since RNA anl then subsequently layered on CsCl, and the
has a n1Lut~h g re t re t n t o o li i n h n p o density was redeterm ined in this solution. ThL
tein. The removal of nonviral protein is also indi- bn otiigms fteirciiywste
cated by the greatly increased ratio of PFU to rerun on Sucrose and the buoyant density was
milligranm or protein (Table 1). determined for a third time. A control run

A description of the physical charatetristics of through three suicrose gradients was also per-
this % irs posed some difficulties, We were able to formed, These results (Fig. 7) indicated that the-
determine an S11, value for the virt,',. However, difference is due to diferentes in hydration of the

roBattempts to correct the observed S".,, value for the virus in the two solutions. Although the virus is
i solvent used and to have the data comparable to disrupted b), the CsC! which caused a loss in titerScentrifugation thro~gh a solvent -,onsisting of' and the appearance or new peaks, the infective

4'

201 OIbJ44 0
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R~, . EIecmirnmicrograpih al 'iEfE Ivi*I. The v'irusX wals fixed 11oinil in w~linkli t 1 aid nd ,wgalive/y .%aim'iI

Iitd pIhosqI1111111gAvir arid. The' line rcpres'/lt. 05 liui. The miagififl'ation is X 85,700.

viruis is stil! located at t dtensity of 1 .17 to 1 .18 formutla Uised was dlerived directly from Stolke's
g cc in SLucrose. law for the coefficient of friction for it spherical

Since at determination of piarticle weight from body. The formula was as follows: S
te5.,value reqluires an accurate estimate of , I (p, - p .. ) 2DJ 0.42612; where p, = (tensity of' the

we felt it irnpo.sible to maike that calculation at virLis, p,,, d-(ensity of' the meium411, and D)
this time. For this reason, we attempted to deter - diamnetr of the particle in centimeter. Through
mine the particle weight of the viruis by uitiliZing the use of the above formula111s, we have dete1r-
the volume Ofra spherical particle and the experi- mined the particle weight of ELEE virus to be
mentally determined density of thc viruis piarticle. 58 X 10* and the cUlCulatedM S vaIlue to be 227 a%
'Ihe following formula vas used: 11 l T Nir D~p) 6 coimpared with an experimentally determined
where N Avogadro's number, I) diamieter or value of 240S. The calculated S value was within
the virtis measured in ventimeters, and p the 101, of the Luncorrected, experimental S % aluie
dtensity of' the virus. A basic dfill icUlty With this obtained. F-urthermore, when using these formnu
formula is the assumption that the buoyant las, Jose approximation to the literat~ire % alueCS
(len.ity can be suibstituted for the actulal (tensity. for particle weights and .5 values can be attained,
Wke lim.e made this assilniption on the basis that Nowv that EFli virus has been purified arna
We can,1 SibStittt the bu-)yant dtensity into at se-c concentrated to a high degree, it i%. possible to
ond formula and doreri~a 1 S value which approxi make at detailed anal> sis of !he chemical composi
mat'., the experinientall determlined 011L THe tion and stritetlire ol the components. Morem~er,
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knowledg! of the physical parameters of the intact pairtialii d ak mt ,,dSis of' Sladbis v'irus. Virology 20:
virion should be of assistance in determining both 6.1345

6Puck, Tr. '1., S 3. Clciura, and H. W Fisher. 1957. Clonalthe subparticle structure and the morphogenesis growth In vitro orhuman, ceils with fibroblastic morphology:
of thc entire virus particle. compa:rison or growth and genetic characteristics or single

epithelloid and l'ibioblait-llke cells front a variety of hunian
AC KNOWLEM)GMENTS organs, J1. rxp. Mcd. 106-.145-158.

7. Schmidt, N. J., E. H, Lennette, andl J. Dennis. 1967. Density
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